Small-scale research has identified classroom practices that are associated with high student performance in reading comprehension. It is not known, however, whether these findings generalize to larger samples and populations, as most large-scale studies of the impact of teaching on student performance do not include measures of classroom practices. Generalizing to larger populations is particulary important at a time when policies national in their scope are calling for "scientifically-based" instruction in reading. The current study explores the possibility of using large-scale data and methods to study classroom practices in reading comprehension. It finds that such studies are both feasible and necessary. They are feasible insofar as it proved possible to collect 2 of 19 and analyze data on classroom practices and student reading comprehension, and discern substantial effects of the one on the other. They are necessary insofar as the study confirmed the effectiveness of some classroom practices but not others. It therefore cannot be assumed that the findings of small-scale studies generalize to large populations.
Introduction
With the passage of the Federal Reading First program and parallel state efforts to improve student reading skills, policy makers and educators have been looking for "scientifically-based" materials, professional development and instruction. While the research base on early reading skills such as phonics has been found to be substantial, there is a lack of conclusive evidence on effective instruction in more advanced skills such as reading comprehension.
This research gap is, for the most part, attributable to the small-scale nature of research that seeks to identify effective techniques for teaching reading comprehension. Over the last forty years, researchers have conducted a host of small-scale studies identifying certain classroom practices as effective in teaching reading comprehension. The findings of these studies have been remarkably consistent, with the same set of classroom practices again and again appearing to be related to student reading comprehension performance. The strength of these studies lies in their high level of internal validity. Many use experimental designs, and many others are quasi-experimental. These studies also possess a common shortcoming, however. Because the development of a robust design is extremely labor intensive, such studies tend to be small in scale, limited to a few classrooms or schools. The degree to which these studies apply to large populations is therefore not known.
Large-scale research does not provide much information on classroom effects. The common method for gauging the impact of teaching on student performance using large-scale data is known as the production function. It involves collecting observational data on large numbers of teachers and students and then using the technique of regression analysis, which relates teacher characteristics to student performance. Most production function studies do not measure classroom practices, due to the difficulty of measuring them for large numbers of teachers. And most have not found a clear and consistent relationship to student outcomes for the teacher characteristics they do measure.
The present study addresses methodological problems common in the production function literature to demonstrate the possibility of using large-scale data to study classroom practices. The problems addressed here include the lack of measurement models, the low validity and reliability of teacher self-reports and the interdependence of many independent variables. This is accomplished by using national data on 7,194 fourth graders and their teachers from the 2000 National Assessment of Educational Progress (NAEP). The study relates teachers' classroom practices, as well as their background characteristics, to student performance on a reading comprehension assessment, taking into account student background characteristics.
The study finds that the addition of classroom practices to large-scale models of reading performance is vital to the successful isolation of teacher effects. Once such variables are introduced, teacher effects can prove quite substantial, nearly as large as student background effects. The study also finds that testing small-scale results with large-scale data is crucial for establishing the effectiveness of specific classroom practices. A link was confirmed between some but not all classroom practices and student performance. It would be premature, however, to draw substantiative conclusions about effective reading practices from these findings. Rather, the purpose of this paper is to draw methodological conclusions about the viability of large-scale research on instructional practice. Before addressing these conclusions, however, it is worth reviewing key findings from the prior literature and describing in some detail how the current study was conducted.
Background
Intensive study has been devoted to classroom effects on reading. The reports of the National Research Council (Snow et al., 1998) and the National Reading Panel (2000) have identified hundreds of studies of how classroom practices affect reading performance. Much of this research, however, focuses on the early stages of reading skill acquisition, such as phonemic awareness and word recognition, with much less on reading comprehension (Snow et al., 2000) . Nonetheless, the body of research on reading comprehension is substantial enough to make it possible to identify seven kinds of practices that are consistently associated with improvements in student reading comprehension.
First, students perform better when explicitly taught metacognitive skills. Metacognitive skills are the ways in which readers glean meaning from texts. In a series of studies, Durkin (1978 Durkin ( , 1981 found that teachers, in explicating texts, rarely instruct students in methods of explication. In the wake of this finding, a variety of approaches to teaching metacognitive skills were developed, including reciprocal teaching, questioning and direct instruction. Research on these techniques has generally found positive effects on reading comprehension (Cross & Paris, 1988; Rosenshine & Meister, 1994; Hansen & Pearson, 1983; Wharton McDonald et al., 1998; Kaniel et al., 2000; Mueller, 1997; Alfassi, 1998) .
Second, students seem to perform better when reading and writing instruction are integrated. After years of these skills being taught separately, educators called for their integration in the 1980's. Later, reading and writing were combined under the single heading of language arts, as reflected in many of the recently promulgated state academic standards. Research on using writing to improve reading comprehension has generally supported the approach (Wharton-McDonald et al., 1998; Cantrell, 1999; Knapp et al., 1995) .
Third, research on the texts students read has documented advantages to using trade books rather than basal readers. Basal readers tend to abridge texts to maximize accessibility, whereas trade books are real world texts, and are often chosen to convey content rather than just reading skills. The use of trade books has been found to increase student motivation as well as to improve reading comprehension skills (Popplewell & Doty, 2001; Guthrie, 2001; Guthrie et al., 2000; Guthrie, 2000; Guthrie et al., 1999; Guthrie, 1998; Guthrie 1996) . Fourth, students seem to benefit from time spent reading in class. Research on time on task has suggested that more time spent teaching reading is associated with improved performance. Particularly strong effects have been found for time spent in the act of reading, with oral reading appearing more beneficial than silent reading (Topping & Paul, 1999; National Reading Panel, 2000) .
Three other instructional techniques supported by the literature are having students work in groups, involving parents and using authentic assessments to measure student progress. Supposedly, students learn more from one another and are more motivated when engaging in group work. A variety of parental involvement activities, from checking homework to reading together, have been found to be conducive to improved reading performance (Epstein, 2001; Epstein & Dauber, 1994) . And measuring student performance through tasks that are as similar as possible to class work and homework seems to be more effective than having students take traditional multiple-choice or short-answer tests.
While small-scale research has succeeded in identifying numerous ways in which teachers affect student performance, large-scale research has generally not been able to confirm these findings. Beginning with the Equality of Educational Opportunity Study (Coleman et al., 1966) , production function studies have found that most teacher effects are overwhelmed by student effects. Of the hundreds of production functions estimated in the wake of the Coleman Report, less than one-third could discover a link between student outcomes and teacher experience, less than one-quarter could do so for teachers salaries, and just one in ten could do so for educational attainment. Two types of teacher effect did prove more robust. Many studies have isolated modest effects for teachers' majoring in the subject they teach and teacher scores on basic skills tests. The relative lack of large-scale studies confirming teacher effects, however, has to led to meta-analysis of them coming to divergent conclusions, some accepting and others questioning the existence of teacher effects (Hanushek, 1997; Hanushek, 1996a; Hanushek, 1996b; Hanushek, 1989; Greenwald, Hedges & Laine, 1996; Hedges, Greenwald & Laine, 1994) .
The disappointing results of large-scale studies may stem from their various methodological shortcomings. First, these studies tend to focus on teacher effects that are relatively easy to measure with large-scale data, namely teacher background characteristics such as education level or college major. Such studies thus tend not to measure the effects that small-scale research has found to be substantial. Second, such studies tend to lack measurement models; they assume variables are perfectly measured and do not develop constructs from multiple indicators. Yet measurement error in teacher self-reports of behavior and background is substantial, and can be minimized through multiple indicators (Mayer, 1999) . Third, such studies tend not to relate independent variables to one another, when small-scale research suggests that teacher variables are very much affected by student background and school context.
A few large-scale studies do relate classroom practice to student performance in mathematics and science, and reveal substantial classroom effects. The nationally representative National Educational Longitudinal Study (National Center for Education Statistics, 1996) found that an emphasis by teachers on conveying higher-order thinking skills was positively associated with student performance in math but not in science. A study representative of the state of California (Cohen & Hill, 2000) found that reform-minded classroom practices were positively associated with student mathematics performance. And an analysis of the nationally representative 1996 National Assessment of Educational Progress in Mathematics (Wenglinsky, 2001) found that an emphasis on conveying higher-order thinking skills, engaging in hands-on learning activities, and receiving professional development to address special populations of students were all positively related to math scores. The fact that all three of these studies uncovered substantial teacher effects when classroom variables were included suggests the need for similar work in the area of reading. It is to this work that we now turn.
Research Questions, Data and Method
The exploratory study described here is designed to address two methodological research questions suggested by the prior literature. First, do the classroom practices identified as important by the small-scale literature prove to be uniformity related to student reading performance? If all are confirmed, large-scale research can be said to add little to what is already known. If it proves, however, that some practices are confirmed while others are not, this finding would suggest the need to conduct an independent program of studies using large-scale data. Second, does the addition of classroom practices to teacher effects models substantially increase the importance of these effects, compared to student background effects? If so, this finding would suggest the importance of including classroom practice variables in future large-scale studies of reading. As will be seen, difficulties encountered in doing this exploratory study indicate that large-scale studies of classroom practices, while vital, raise many methodological hurdles that subsequent research will need to overcome.
To answer these questions, it was necessary to obtain large-scale data that were representative of a large population and included measures of student reading comprehension, teacher background, classroom practices and student and school background. Fortunately, a recent administration of the National Assessment of Educational Progress met these criteria. NAEP was administered to a nationally representative sample of 7,194 fourth graders in 2000 to assess their reading comprehension skills. In addition to the assessment, questionnaires were administered to students and their reading teachers, generating information on their backgrounds and classroom practices. The use of the NAEP, however, introduces certain methodological hurdles that the current study needed to overcome. First, the study needed to appropriately handle variability in the reading comprehension measure. To limit the amount of time students were assessed, each student answered only a limited number of test items; consequently, it is not possible to generate a single student score. Instead NAEP provides five scores based upon the items the student answered and student and school background information. The recommended procedure for conducting secondary analyses using these five scores, known as plausible values, is to estimate a separate model for each and then pool them. The unstandardized and standardized coefficients are pooled by calculating their means and variances through the following formula:
where v is the pooled variance, u is the average sampling variance and B is the variance among the five plausible values.
Second, the study needed to appropriately handle the sample design. Because NAEP is a clustered, stratified sample, student and teacher observations are not independent of one another. If treated as a simple random sample, these observations will underestimate standard errors. Consequently, standard errors need to be adjusted. One acceptable technique for doing so is using a design effect. NAEP provides weights, known as jackknife weights, that can be used to estimate the effect of the sample design on the standard error of each coefficient, known as the design effect. Because of the computationally expensive nature of estimating the effect for every coefficient in a model, it is appropriate to estimate effects for a subset of coefficients and then select one of these for the purpose of inflating the standard errors of all coefficients.
To relate the teacher and student characteristics to student reading comprehension, the statistical technique of structural equation modeling (SEM) was employed. Like regression analysis, SEM makes it possible to relate independent variables to dependent variables, taking into account both the independent variables and statistical controls. It has two advantages over regression. First, it can test the fit of entire path models, meaning that it can estimate the coefficients and overall goodness of fit of models that relate independent variables to one another as well as to the dependent variable. This makes it possible to incorporate intervening variables into the model. Second, it can construct its independent and dependent variables from observed variables through factor models. This makes it possible both to take into account measurement error and to reduce such error through the use of multiple indicators. (Note 1)
The current study estimated two sets of factor and path models: The first set consisted of five versions of a teacher background model, one for each plausible value, and the second set consisted of five versions of a classroom effects model, also one for each plausible value. These models were estimated using AMOS 3.6 (Arbuckle, 1996) , an SEM package, and STREAMS 1.8 (Gustafsson & Stahl, 1997) , a pre-and post-processor for SEMs. The factor model portion of the teacher background model constructed measures of four teacher background characteristics (major, education level, years of experience, and perceived preparedness to teach), two student background characteristics (socio-economic status (SES) and home reading behavior), one school characteristic (class size) and one student outcome (a plausible value for reading comprehension performance). SES was constructed from five measures, home reading behavior from four, and the rest from single measures. (Factor models for single measures fix factor loadings at 1 and error terms at 0. See Table 1 
School Background
Class Size (From 1=36 or more students to 5=1-20 students) 4.00 .86 7914
The path portion of the model then related the student outcome to the teacher background measures, taking into account the student background and school measures. The factor portion of the classroom practices model constructed measures of eight classroom practices (teaching metacognitive skills, integrating reading and writing, use of reading materials such as trade books and basal readers, time spent reading in class, working in groups, parental involvement, authentic assessment and traditional assessment), two students background characteristics (SES and home reading behavior), one school characteristic (class size) and one student outcome (a plausible value). Metacognitive skills was constructed from five measures, integrating reading and writing from four measures, reading materials from five measures, time spent reading from two measures, group work from two measures, authentic assessment from four measures and traditional assessment from three measures. (See Table 2 for full list). 
Writing in Service of Reading
Writing about Literature (From 1=never or hardly ever to 4=almost every day)
.
.46
Reading and Writing (From 1=never or hardly ever to 4=almost every day)
.43
Writing about Reading (From 1=never or hardly ever to 4=almost every day)
.69
Answers Questions in Writing (From 1=never or hardly ever to 4=almost every day) 3.37 .61
Reading Materials
Trade Books (From 1=never or hardly ever to 4=almost every day)
.20 .37
Basal Readers (From 1=never or hardly ever to 4=almost every day)
.17 .34
Reading Kits (From 1=never or hardly ever to 4=almost every day) For the final version of the models, some of the multiple indicator constructs were turned into single indicator constructs to identify which indicator was responsible for the classroom effect of a construct. Thus, integrating reading and writing and reading materials were divided into their constituent indicators. Student background, school characteristics, and student outcomes were measured as per the teacher background models. The path portion of the classroom effects model related the classroom practice constructs to the student outcome, taking into account student background and school characteristics, as well as relating the student background and school characteristics to each of the classroom practices, thus making it possible to gauge the extent to which classroom practices acted as intervening variables between student background, school characteristics and student outcomes. (Note 2)
Results
The factor models and goodness-of-fit statistics reveal that the models fit the data well. For all factor models, the constructs loaded substantially and on all of the corresponding indicators, and all loadings were statistically significant at the .05 level. (Factor models are not presented here, but are available upon request.). All ten of the factor and path models also had adequate goodness-of-fit statistics. For the teacher background models, the RMSEAs were at the .03 level, with normed goodness-of-fit indices of .92 and comparative goodness-of-fit indices at .92 and .93, depending upon the plausible value. For the classroom practice models, the RMSEAs were at the .05 level, with both normed and comparative goodness-of-fit indices at .98. These results suggest that the hypothesized models were confirmed by the observed data.
The path models for teacher background reveal only a modest effect of teaching on student reading comprehension ( Table 3 ). The strongest effects come from students, with SES having the largest effect in the model (b=.37) followed by reading background (b =.14). The school control, class size, also had an effect, albeit a modest one (b =.03). Among the five teacher background variables, only one, years of experience, proved statistically significant, with an unstandardized coefficient of .05. This findings differs somewhat from the literature, in which teacher major tend tends to have an effect and teacher experience tends not to have one. This divergence may be attributable to the fact that this study is of fourth graders and their elementary school teachers, whereas most of the studies of teacher major are at the high school level. (Note 3) The classroom practice path models reveal much more substantial teacher effects (Table 4) . As with the teacher background model, the strongest single effect is of SES (b=.43). This is followed, however, by two teacher effects, the positive effect of metacognitive skill instruction (b= .31) and the negative effect of time spent reading in class (b=.30). Student reading background is next in importance, with students with stronger backgrounds scoring higher on the reading comprehension assessment (b=.13). Teachers' having students write about literature they are reading and using trade books as their primary reading materials had modest positive effects (b=.04 for each). Class size, as in the teacher background model, also had a statistically significant effect of that size. In addition, the classroom practice path models indicate that students are exposed to very different practices depending upon their background characteristics and those of their schools. Affluent students are more likely to be exposed to metacognitive instruction (b=.04), writing about literature (b=.07) and reading trade books (b=.07) than their less affluent peers. There is, however, no difference in time spent reading in class or the use of basal readers between the two groups. Schools with smaller classes also differ from those with larger classes, with small class students more likely to be exposed to metacognitive instruction (b =.03) and writing about literature (b =.06) as well as to spend more time reading in class (b=.05). It thus appears that effective classroom practices act as intervening variables between student SES and reading comprehension performance, with higher SES students more likely to be exposed to those practices that are themselves associated with higher NAEP scores. With class size, the pattern is less clear, as the practices associated with smaller class sizes may or may not have a positive relationship to NAEP scores.
These findings answer the first research question in the negative and the second in the affirmative. The large-scale data do seem to confirm some of the findings from small-scale research but not others. Some practices, namely metacognition, using trade books and a measure of integrating reading and writing, did prove positively related to reading comprehension. Other practices, however, such as having students work in groups, increasing parental involvement, and the use of authentic assessment, did not. And time spent reading in class actually had a negative relationship to student performance. The addition of classroom practices to large-scale models seems to make the overall impact of teachers comparable to that of student background. As with typical production functions, the teacher background model revealed only a single modest teacher effect. The classroom practice model, however, revealed multiple teacher effects, some of them quite strong. The total standardized effect for the four teacher variables (.70) is actually somewhat larger than the total standard effect of the two student background measures (.56).
Conclusions
These findings have significant methodological implications for research on teacher effects on reading comprehension. The finding that some of the classroom practices proved effective while others did not suggest the need for synergy between small-scale and large-scale research. The findings of small-scale, highly internally valid, studies should serve as the basis for large-scale, highly externally valid, studies. Only in this way can it be known if small-scale findings are applicable to large populations. (This does not rule out the possibility that small-scale research can, by itself, provide information about small populations.) The finding that the introduction of classroom practices leads to substantial teacher effects suggests the need for large-scale research to embrace such variables. Clearly, the failure of previous large-scale research to uncover substantial teacher effects is in large part due to its not including such variables. In addition, the other methodological advances of the current study over traditional production functions proved useful. The use of multiple indicators improved the quality of the measures employed, and the use of path models led to the finding that classroom practices act as intervening variables between student background and reading comprehension performance.
Yet while the current exploratory study does take some steps to improve the large-scale methodology for the study of teacher effects, much remains to be done. One shortcoming of the current study is the ad hoc manner in which it addressed problems with teacher self-reports. Because it relied on pre-existing data, the study made use of interaction effects to increase the likelihood that teachers reporting the use of certain practices were actually using them. Doing so, however, truncated the sample, and is based on the assumption that the more experienced, better prepared teachers are more likely to accurately assess and report what their practices are. This assumption may or may not hold true for a given teacher. A more effective technique for reducing problems with teacher self-reports would be to begin to design questionnaire items that make clearer what the practices are and minimize the social desirability effects. For instance, a questionnaire might include a scenario in a classroom and ask the respondent to describe how he or she would address it. Respondents could also be asked to rank order the effectiveness of the classroom practices of others, or to draw up a time budget for various practices. Such methods, often employed in small-scale research, need to be applied on a larger scale to enhance the reliability and validity of the large-sample teacher reports.
Another shortcoming of the study is its use of cross-sectional data. Because the data are cross-sectional, it is not clear whether particular practices enhance reading comprehension or high performing students are more likely to have teachers engaging in such practices. The study did address this problem in an ad hoc fashion by controlling for measures of student home reading behavior. Indeed, those controls may have resulted in underestimates of teacher effects, in that teachers may positively influence home reading behavior. Whatever the impact of the ad hoc procedure, it is no substitute for longitudinal data that follow student performance over time, and hence it is crucial for subsequent large-scale studies to collect such data. Indeed, the Early Childhood Longitudinal Study (ECLS), which will follow a national sample of students from kindergarten through fifth grade, testing their reading skills and measuring teacher classroom practices, may address this need.
A third shortcoming of this study is its failure to fully take into account the multilevel nature of its data. This study involved multiple levels of analysis in that it related teacher-level inputs to student-level outputs. Yet students are not selected at random, but are clustered within classrooms. The employment of design effects addressed this issue somewhat by increasing standard errors based upon clustering at the level for the school district. But it did not take into account the impact of classroom level non-independence on standard errors. It also did not distinguish between student-level and contextual effects; the influence of student SES, for instance, may be in part due to the average SES of that student's peers.
To fully address all of these issues, multilevel techniques, such as Hierarchical Linear Modeling or multilevel versions of SEM (MSEMs) need to be employed.
Finally, rich data is needed on teacher background. This study used the same kinds of summary measures employed by production function studies, such as years of experience and education levels. It may be that teacher background is extremely important, but can only be fully gauged through learning in a more nuanced way about the background. The education level of the teacher may not be important, but the nature and extent of the teacher education curriculum may be. Perhaps certain kinds of induction experiences are more conducive to high student performance. And the nature and extent of professional development experiences may play a role in encouraging particular effective classroom practices. Thus, while the current study suggests that failure to consider classroom practices has led large-scale research to underestimate teacher effects, it may be that the effects of teacher background have also been underestimated. The only way to gauge the full impact of teachers is to collect as much information about them as is collected about their students, and see how the biographies and classroom actions of the two actors unfold together.
In sum, it should be possible to gauge the effectiveness of instructional practices in the area of reading comprehension using large-scale data. The ability to generalize from smaller to larger populations is critical given the existence of new policies that call for "scientifically-based" instruction in reading, that are national in scope. Without knowing the applicability of particular techniques to all populations, policy makers and educators run the risk of imposing that technique on an inappropriate population. Consequently, research should build upon the methods identified in this exploratory study to determine which instructional practices are help for all students, and which are helpful for particular subpopulations of students.
Notes
SEM accomplishes this through three steps. First, factor and path models are specified by the researcher. Factor models indicate which observed variables load on which constructs. Path models indicate which constructs are permitted to be related to one another. Second, through an iterative process, the covariance matrix that these specifications imply (S) is matched with a covariance matrix of the observed data (S) to maximize their fit with one another. Finally, the resulting output consists, for each construct, of standardized factor loadings and standard errors for each indicator, standardized and unstandardized path coefficients and their standard errors for each relationships between constructs; and goodness-of-fit statistics including the root mean squared error of approximation (RMSEA) and indices such as the comparative and normed fit indices.
1.
Because of issues in using teacher self-reports, the classroom practice measures had to be transformed for the five models. Research has found teacher self-reports of classroom practices to be frequently unreliable. Some teachers may misrepresent the practices in which they engage because they do not fully understand what the named practices are, and some may misrepresent the practices because they perceive the practices as socially desirable. The NAEP data indicated that most teachers claim to engage in most practices, and consequently, giving full weight to the responses of all teachers would make it difficult to distinguish between those that actually do and do not engage in a given practice. Instead, practices were weighted by teachers' years of experience and their perception of their preparedness, giving more weight to the responses of the more prepared, more experienced teachers. This was accomplished through calculating interaction effects between each classroom practice and the two teacher background measures, and substituting these for the classroom practice measures in the models.
2.
Teachers' education level had a negative coefficient at the .10 level. This counterintuitive effect requires further exploration. 
